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© A large number of fluid flow generating plates (P, Pi, P 1a ., P lb , P : . and P 3 ) arranged in parallel with gaps 
(CL) formed therebetween are rotated around an axial line (O-O) to cause movement of fluid such as air. For 
obtaining the most efficient movement of fluid dependently on only adhesion of flowing fluid to the plate, gaps 
(CL) between flow generating plates are set as described hereunder. A widih of said gap (CL) is set to be twice 
as much as the intermediate value (c) of the distance between a flow generating plate surface in contact with the 
nearest fluid boundary layer (a) rotating almost together with a flow generating plate and a fluid boundary layer 
almost free of influence of a centrifugal force caused by a rotating flow generating plate. A gap (CL) is about 0.5 
mm when fluid is air. The surface of a flow generating plate is made wavy for increasing efficency in generating 
flow of fluid. 
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TECHNICAL FIELD 

The present invention relates to a flow generating apparatus such as an air blower or pump for 
supplying fluid and also relates to a method of manufacturing the apparatus. e 

5 

BACKGROUND ART 

< 

There is known a disc type flow generating apparatus in which a plurality of annular flow generating 
plates are arranged in directions perpendicular to a rotational axis thereof and adapted to be rotated about 
w the rotational axis, and in which fluid is fed due to frictional force caused between surfaces of these flow 
generating plates and the fluid, as disclosed in Japanese Patent Publication No. 58-17359 (17359/1983), for 
example. 

The flow generating apparatus of this known type has a simple structure, thus being advantageous in its 
manufacturing cost, but involves a problem of inadequate performance with respect to the flow rate. 

75 An induction motor has been usually utilized for driving a flow generating apparatus. Since the 
maximum rotational speed of the induction motor is generally determined on the basis of the power source 
frequency, a maximum value of the rotational speed of the low generating apparatus is limited. Such 
limitation of the rotational speed occurs also depending upon the durability of the shaft bearings used, for 
example. Such limitation of the maximum rotational speed necessitates an improvement of a space 

20 efficiency of the flow generating apparatus, i.e. increasing of the flow rate with the same size of the 
apparatus, instead of increasing the rotational speed in a case where greater flow rate is needed. 

An object of the present invention is to increase the performance of such type flow generating 
apparatus to an extreme limit. Another object of the present invention is to provide a method of 
manufacturing a flow generating apparatus having such increased performance. 

25 

DISCLOSURE OF THE INVENTION 

The flow generating apparatus according to the present invention is characterized by comprising a 
plurality of flow generating plates arranged with clearances therebetween perpendicularly to a rotational axis 

30 thereof, and means for rotating the flow generating plates about the rotational axis, wherein each of the flow 
generating plates is provided with a surface for moving a fluid only by an adhesion phenomenon between 
the surface and the fluid in contact with the surface, and the surface is formed radially of the flow 
generating plate to an outer peripheral edge thereof from which the fluid moved by the adhesion 
phenomenon along the surface is finally separated, and the clearances between adjacent two flow 

35 generating plates are set to be twice an intermediate value of a distance between a surface of the flow 
generating plate contacting a close fluid boundary layer which has a strong adhesion to said surface and 
hence is moved substantially together with the flow generating plate and a remote fluid boundary layer 
which has a weak adhesion to said surface so as not to be subjected to an effect of centrifugal force due to 
the rotation of the flow generating plate, whereby the centrifugal force is most effectively exerted to the 

40 fluid. 

Further, according to the present invention, there is provided a method of manufacturing a flow 
generating apparatus provided with a plurality of flow generating plates arranged with clearances there- 
between perpendicularly to a rotational axis thereof, and means for rotating the flow generating plates about 
the rotational axis, the method being characterized in that the flow generating plates are assembled such 

45 that a distance is determined from a surface of the flow generating plate to a boundary layer of a fluid which 
has a weak adhesion to the plates and is substantially not influenced by centrifugal force caused by the 
rotation of the flow generating plate, and each of said clearances between adjacent two flow generating 
plates is set to be twice an intermediate value of the aforementioned distance from the surface of the flow 
generating plate to the fluid boundary layer. 

50 According to the flow generating apparatus, when the flow generating plate is driven and rotated, the 
close fluid boundary layer contacting the surface of the flow generating plate is rotated together with the 
flow generating plate due to the strong adhesion of the fluid to the flow generating plate, and the fluid in that 
layer is moved radially outwardly by a combined force of the adhesion force and the centrifugal force 
caused by the rotation thereof. Further, the fluid in the vicinity of the fluid in the close boundary layer is also 

55 moved radially outwardly with a small time delay due to the shearing stresses caused by the movement of 
the fluid in the boundary layer, and accordingly, this delay in movement is made large in accordance with a 
distance from the close fluid boundary layer. By determining the clearance between adjacent two flow 
generating plates so as not to exist such large delay in movement, the performance such as the rate of flow 

o 
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of the fluid can be extremely improved. 

In the fluid boundary layer influenced by the adhesion to the flow generating plate, the centrifugal force 
is exerted in accordance with the rotation of the flow generating plate due to the adhesion phenomenon to 
the flow generating plate. The centrifugal force is made small as the distance from the surface of the flow 

5 generating plate becomes large, and the centrifugal force is made maximum in a region near the surface of 
the flow generating plate. The flow generating function is hence produced by a combination of the 
centrifugal force and the adhesion force. That is, in the region near the surface of the flow generating plate, 
not only the centrifugal force but also the adhesion force are made large. 

It is considered that the adhesion force becomes indefinitely large in the region adjacent to the surface 

io of the flow generating plate, and accordingly, the centrifugal force is suppressed in a region adjacent to the 
surface of the flow generating plate. Actually, on the surface of the flow generating plate, the fluid adheres 
thereto, while in a remote region spaced from the surface of the flow generating plate, the adhesion force is 
made weak and, hence, the centrifugal force becomes also small and thus it is difficult to produce a fluid 
flow. Accordingly, it is concluded that there must exist a range, between the surface portion of the flow 

15 generating plate and the region spaced therefrom, in which a proper adhesion force exists and, hence, 
proper centrifugal force is produced. Accordingly, the present invention was made to improve the 
performance such as the flow rate of the fluid of the flow generating apparatus by effectively utilizing such 
an intermediate range between the surface of the flow generating plate and the remote region. 

20 BRIEF DESCRIPTION OF THE DRAWINGS 

Fig. 1 is a perspective view showing a basic structure of a flow generating apparatus according to the 
present invention; 

Fig. 2 is an axial sectional view of the flow generating apparatus; 
25 Fig. 3 is a sectional view of the flow generating apparatus taken along a plane perpendicular to the 
rotational axis thereof; 

Fig. 4 is a view for an explanation of boundary layers; 

Fig. 5 is a view explanatory of a phenomenon occurring during rotation of a flow generating plate; 
Figs. 6a and 6b are a plan view and a sectional view of a flow generating plate utilized for a basic 
30 experiment for the present invention; 

Fig. 6c is a perspective view based on results of the experiment; 
Fig. 7 is a chart representing results of the experiment; 

Fig. 8 is a plan view of one example of a flow generating plate provided with a waved surface; 
Figs. 9 and 10 are views, in comparison, explanatory of surface area increase of the flow generating 
35 plate; 

Fig. 11 is a graph indicating an experimental result regarding the flow rate; 
Fig. 12 is a view showing a wave shape of the flow generating plate; 
Fig. 13 is a plan view showing another example of a flow generating plate; 
Fig. 14 is a side view of the flow generating plate of Fig. 13; 
40 Fig. 15 is a side view of another example of a flow generating plate provided with an auxiliary flow 
rectifying plate; 

Fig. 16 is a side view of a further example of a flow generating plate provided with an auxiliary flow 
rectifying plate; 

Fig. 17 is a perspective view of another example of a flow generating plate; 
45 Figs. 18 through 20 are views showing various shapes and arrangements of the flow generating plates; 
Figs. 21 and 22 are views explanatory of noise producing phenomena; 
Fig. 23 is a view showing a state where noise is not produced; 

Fig. 24 is an illustration showing a flow generating plate provided with connection members; 
Fig. 25 is an improved example of the flow generating plate provided with connection members; 
so Fig. 26 is an illustration showing an application of the present invention to a cross-flow fan; 
Fig. 27 is a plan view showing a further example of a flow generating plate; 
Fig. 28 is a side view of Fig. 27; 

Fig. 29 is a sectional view taken along the line A-A in Fig. 27; 

Figs. 30 and 31 are sectional view of flow generating plates provided with modified wave shapes; 
55 Fig. 32 is a view showing a further example of the wave shape of the flow generating plate; and 

Figs. 33, 34, 35 and 36 are sectional views of further applications of the flow generating apparatus 
according to the present invention. 
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BEST MODES FOR CARRYING OUT THE INVENTION 

In advance of a description of embodiments according to the present invention, basic principle of the 
present invention will first be described. 

5 Referring to Figs. 1 and 2, a plurality of flow generating plates P each of annular disc shape are 

integrally arranged perpendicularly to a rotational axis O-O of a flow generating apparatus. The flow 
generating plates P are arranged in parallel with each other with a clearance CL between adjacent two 
plates and are provided with central circular openings 2. Spacers 3 are provided for maintaining the 
clearances CL. As shown in Fig. 2, rotating shafts 4a and 4b are fixed to flow generating plates P disposed 

w at both end~positions of the plate arrangement to allow the flow generating plates P to rotate, and an electric 
motor M is connected to one 4b of the rotating shafts. These rotating shafts 4a and 4b are supported by 
bearings, not shown. As shown in Fig. 3, the flow generating plates P may be disposed in a casing 5 
provided with a delivery opening 6. Further, it is possible to eliminate the other one 4a of the rotating shafts 
and the bearing therefor. 

75 When these flow generating plates P are rotated around the rotational axis O-O, with surfaces 7 of the 
flow generating plates P (Fig. 2) in contact with a fluid such as air, the fluid in the clearances CL will be fed 
with components directed radially outwardly of the flow generating plates P as shown by arrows, and 
accordingly, the fluid is sucked in the direction of the axis O-O through the openings 2. One example of the 
flow generating apparatus operated on such principle is disclosed in Japanese Patent Publication No. 58- 

20 17359 (17359/1983). 

The reason why the air is fed along the surfaces 7 of the flow generating plates P is that a fluid 
contacting a surface of a solid body adheres to the solid body and movement of the fluid is caused to occur 
by a combined force of a centrifugal force generated by the rotation of the solid body and of the adhesion 
force. Fig. 4 is an illustration explanatory of the adhering phenomenon. Referring to Fig. 4, it is assumed 

25 that a fluid adjacent to the surface of a solid body P* is flowing leftward as viewed, in such a case, 
molecules of the fluid near the surface of the solid body P' will be strongly subjected to the effect of the 
adhering force of the solid body P 1 and hence will be reduced in its flow speed. This phenomenon is 
explained on the basis of shearing stresses. In Fig. 4, flow speeds of the fluid are expressed by the lengths 
of the arrows. The molecules of the fluid in direct contact with the surface of the solid body P' do not move 

30 due to the adhesion thereto. The fluid portion positioned extremely near the solid body P' shown as a thin 
boundary layer area A is strongly influenced by the solid body P' due to the function of the shearing 
stresses occurring due to viscosity of the fluid. The fluid portion positioned in an area B outside the 
boundary layer area A is continuously and slightly subjected to the shearing stresses, but is substantially 
not subjected to the effect of the solid body P\ This phenomenon occurs regardless of the material of the 

35 surface of the solid body P\ The above relationship of the relative speeds is present in a case where the 
fluid is stationary and the solid body is moving. In a case of a flat disc ptate rotating in the air, the thickness 
of the boundary layer area largely effected by the centrifugal force generated by the rotation is considerably 
smaller than 1 millimeter as will be described hereinlater. 

When the flow generating plate P is rotated in a direction shown by an arrow D in Fig. 5, air flow 

40 generated along only one side surface" of the flow generating plate P is delivered in directions tangential to 
the outer peripheral edge of the flow generating plate P. The flow rate O is expressed as follows. 

Q = k*R* N 

wherein letter R represents radius of the outer peripheral edge of the flow generating plate P, N 
rotational speed or the number of rotation, and k a constant. As represented by this equation, the flow rate 
is in proportion to the radius and the rotational speed, i.e. the peripheral speed of the flow generating plate. 

It will be understood that when considering the flow on one surface of the flow generating plate, the flow 
rate will not be increased but by increasing the constant k if the radius and the rotational speed of the flow 
generating plate are determined as factors for determining the flow rate. Apart from increase of the constant 
k, which will be described hereinlater, an improvement of the performance of the flow generating apparatus 
with the radius and the axial length of the flow generating apparatus being within prescribed ranges cannot 
be attained except for an improvement of the space efficiency within the prescribed ranges thereof. 
Accordingly, the main object of the present invention resides in an improvement of the space efficiency. 

It is desirable that the flow generating plates, which are to be accommodated within a predetermined 
axial length, have a thickness as small as possible because only the surfaces of the flow generating plates 
affect the flow of fluid and the thickness of the flow generating plates does not contribute at all to the flow of 
fluid. Accordingly, it is only required that each flow generating plate have a thickness capable of maintaining 
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a required mechanical strength against tensile stresses and centrifugal forces generated within the plane of 
the flow generating plate mainly at mounting parts thereof. Another forces such as twisting and bending 
forces are not exerted to the flow generating plate. Accordingly, such mechanical strength can be 
sufficiently achieved by forming the flow generating plates of a plastic material such as polyethylene 
5 terephthalate (PET). 

The fact that the flow generating plate can be made definitively thin means that the space efficiency 
with respect to the flow rate in relation to the rotational axis direction, i.e. the thickness direction of the flow 
generating plates, is determined only by the dimension of a clearance between the adjacent flow generating 
plates. 

70 The following experiment was carried out for determining the optimum dimension of the clearance. As 
shown in Figs. 6a and 6b, two annular flat plates P" having hollow interiors were fixed to a rotational shaft 9 
with an adjustable clearance CL therebetween. A plurality of small holes 8 were formed in the vicinity of the 
inner peripheral edges of the annular plates P", and the annular plates were rotated around their central axis 
in the air while delivering, through these holes 8 as shown by arrows, a gas which is sufficiently light in 

75 comparison with the air and has corrosivity with respect to the annular plates P". The corrosive gas was 
moved together with the air flow subjected to the centrifugal force due to the annular plates P" and the loci 
of the corrosion were observed. In the above experiment, the gas was fed to the holes~8 through the 
rotational shaft 9 as shown in Fig. 6b. 

According to the observation of the loci of the corrosion, it was found that the gas was caused to flow 

20 arcuately in the circumferential direction, as shown by an arrow f, reverse to the rotating direction E of the 
annular plates P" and that this tendency was increased in proportion to the width of the clearance CL. The 
degree of the tendency of the arcuate flow is represented by an angle 0 in Fig. 6a. The loci of the gas 
appeared in the form of light and shade as shown in Fig. 6c, and shade portions represent a large quantity 
of the flow of the gas and the light portions a small quantity of the flow of the gas. The fact that there are 

25 many flow loci having large angles e, means that there are many portions less effected by the adhesion 
force of the annular plates P" and hence that the rotational energy of the annular plates P" is not 
adequately utilized. On the contrary, the fact that there are many flow loci having small angles 9, means that 
the adhesion force of the annular plates P" is strong and the centrifugal force generated is greatly reduced 
by the adhesion force, thus reducing the flow of the gas. 

30 The following analytical conclusion was obtained by the observation of this arcuate flow phenomenon. 
An air layer in the clearance of from 0.13 to 0.25 mm between adjacent two annular plates, i.e., an air layer 
having a thickness of from 0.13/2 to 0.25/2 mm from the surface of each annular plate is considered to be a 
layer adhering to the surface of the annular plate. This layer is considered to be the air layer a in Fig. 4. 
Air in a region beyond the above clearance of 1.0 mm, that is, air spaced apart from the surface of each 

35 annular plate by 1 .0/2 mm is an air that is less influenced by the adhesion force and the centrifugal force 
due to the annular plate. This air layer is a layer outside the air layer c in Fig. 4. The air in the air layer a is 
hardly moved even by the centrifugal force because of strong adhesion force of the annular plate. However, 
the air layer a is an extremely thin layer, so that the thickness thereof can be substantially disregarded. 
Furthermore, since air existing outside the air layer c is hardly affected by the operation of the annular 

40 plate, it is considered that there must be an area which is readily subjected to the centrifugal force and 
which has a maximum space efficiency, outside the air layer a but within the air layer c. This area is an 
area b shown in Fig. 4 and probably ranges from 0.38/2 to 0.5/2 mm, or so, from the surface of the annular 
plate. 

A result of measurement of flow rate and static pressure was obtained, as shown in Fig. 7, by changing 
45 the clearance between the flow generating plates which have an inner diameter of 50 mm and an outer 
diameter of 74 mm and assembled in parallel with each other with an axial dimension of 21 mm to 
constitute an air blower. This result corresponds approximately to the aforementioned result of the analysis 
of the air layer. Accordingly, it was found that a maximum space efficiency can be obtained in a case where 
the clearance between adjacent two flow generating plates of a flow generating apparatus is about 0.5 mm, 
so i.e. 0.5/2 mm from each of the flow generating plates. 

It will be readily noted that, although in the foregoing reference was made to the air, an optimum 
clearance exists with respect to other fluids and the optimum clearance will be obtained by substantially the 
same procedures as described above with respect to the air. 

Accordingly, it is said that the final space efficiency of a flow generating apparatus is determined by the 
55 number of the flow generating plates, each of which has a maximum space efficiency per one surface and 
which are disposed within a predetermined axial length. 

As described before, the flow rate Q obtained by the flow generating plate is expressed by Q = k* R* N 
(R: outer diameter of the flow generating plate, N: rotational speed or number of rotation thereof). 
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Accordingly, in order to increase the flow rate Q, it is necessary to increase the constant k. An embodiment 
of the invention for increasing the constant k wW be described hereunder. 

The constant k includes a factor relating to the surface area of the flow generating plate. It is considered 
that the constant k, hence the flow rate Q, is increased by increasing the surface area. When the radii of the 

5 inner and outer peripheral edges are limited, the incr asing of the surface area can be achieved by making 
coarse the surface of the flow generating plate, i.e. by forming recesses and protrusions on the surface. 
This is, however, not a simple matter. As described before, the fluid, that is air, existing within a distance of 
about 0.5/2 mm from the surface of the flow generating plate is easily moved under a maximum effect of 
the surface of the flow generating plate. It is therefore considered that the increasing of the surface area at 

w a level spaced from the surface of the flow generating plate by about 0.5/2 mm is most effective. This can 
be effectively realized by forming on the surface of the flow generating plate waves or ridges having tops 
directed in radial directions thereof. 

One example of a flow generating plate having such waves is shown in Fig. 8. Referring to Fig. 8, the 
flow generating plate Pi has a surface on which is formed waves or ridges 1 0 inclined with respect to radial 

75 lines in directions reverse to the rotation shown by an arrow. The ridges have a regular triangular cross 
section having an apex angle of 60° . It will be understood that the formation of the regular triangular wave 
shapes increases twice the surface area of the flow generating plate. However, with reference to an example 
of Fig. 9 in which small waves each having a regular triangular cross section are formed, the locus 1 1 of 
points spaced from the wave surfaces by a distance of 0.5/2 (0.25) mm is an arcuate locus having an 

20 extremely low height as shown in Fig. 9. The configuration of the boundary layer area within a range spaced 
from the flow generating plate by a distance of about 0.25 mm, mentioned hereinbefore, which is most 
affected by the flow generating plate, is not substantially different from the case of the flow generating plate 
having a flat surface, so that there is only a slight increase in the constant k. 

On the contrary, in the case shown in Fig. 10 in which large waves are formed, the configuration of the 

25 boundary layer area within the range of 0.25 mm changes considerably as shown at 12 and exhibits a large 
wave shape compared with 0.25 mm. This is considered to bring about a formation of turbulant flow 
boundary area, described hereinlater, which increases the thickness of the fluid layer affected by the flow 
generating plate and hence increases the flow rate of the fluid. 

In a case where the sizes of the recesses and protrusions are considerably small in comparison with the 

30 value of 0.5/2 mm (0.25 mm), for example, in a case of crepe or felt-like surface, the formation of the 
recesses and protrusions are not effective for the increasing of the surface area of the flow generating plate. 

Although the flow rate can be increased by forming such considerably large wave surface on the flow 
generating plate, this merely applies to one surface of one flow generating plate. 

In a theoretical calculation, in a case where flow generating plates having waved surfaces with waves 

35 each having a regular triangular cross section, are arranged so that the sloping surfaces of adjacent 
triangular waves confront each other with a clearance of 0.5 mm therebetweerrin a direction normal to the 
sloping surface, adjacent flow generating plates face each other with a clearance of 0.5 mm/sin 30° , i.e. 1 
mm, in the direction of the rotational axis. In such a case, the axial distance between adjacent flow 
generating plates becomes twice the distance of 0.5 mm, and accordingly, the number of the flow 

40 generating plates that can be arranged within a predetermined axial distance is reduced to a half in 
comparison with a case of arranging flat flow generating plates with planar surfaces. Accordingly, even 
when the surface area of each of the flow generating plates becomes twice and the flow rate is increased, 
the increase of the flow rate will be cancelled by the half-reduction of the number of the flow generating 
plates. This fact applied also to cases other than a case of the wave shape having an apex angle of 60 * . 

45 However, results based on such theoretical calculation do not accord with the experimental results. 
According to the experimental results, in fact, the flow rate is increased in case of large wave shape. 
Experimental results are shown in the following table 1 . 
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Table 1 



5 


Experiment No. 


I 


II 


III 


IV 


10 


Flow G^n^rah i no 

Plate 


pi af 
r Xa t 

Plate 


SmaXl wave 
shape with 
round apex 


Medium wave 
shape with 
round apex 


Medium wave 
shape with 
60° apex of 
triangle 




Outer diameter of 
flow generating 
plate (nun) 


74 


74 


74 


74 


75 


Inner diameter of 
flow generating 
plate (mm) 


50 


50 


50 


50 


20 


Entire length of 
flow generating 
plate (mm) 


21 


21 


21 


21 




Number of flow 
generating plates 


30 


16 


12 


9 


25 


Clearance between 
flow generating 
plates 


0.5 


0.5 


1.23 


1.0 




Thickness of 
spacer 


0.5 


1.0 


1.5 


2.0 


30 


Flow rate/Static 
pressure 

(m3/min) 












35 


2,000 rpm 
2,500 rpm 
3,000 rpm 
5,000 rpm 


0. 
0. 
0. 
0. 


28/2.2 
37/3.4 
44/4.9 
62/13.4 


0.33/2.2 
0.41/3.5 
0.5/4.9 
0.7/13.8 


0.37/2.1 
0.47/3.3 
0.56/4.7 
0.78/13.5 


0.44/2.6 
0.56/4 .1 
0.68/6.2 
0.98/17.4 



40 As can be seen from the above table 1 , the experimental results are different from the results of the 
theoretical calculation. Particularly, in cases of the experiments III and IV (medium wave shape), the 
clearances (values measured in a direction normal to the sloping surface of the wave shape) between 
adjacent flow generating plates are far different from the optimum value of 0.5 mm and, actually, are 1.23 
mm and 1.0 mm. In the case of III, the apex of the wave shape is made round, so that it can be considered 

45 that the above-mentioned theory is not applicable, but in the case of IV in which the top of the wave shape 
constitutes the apex of a regular triangle, the thickness of a spacer is 2.0 mm in the experiment in spite of 
the theoretical value of 1.0 mm. 

This can be considered as a result of presence of a turbulant boundary layer of the fluid. When fluid 
flows along the surface of a plate, and when the surface of the plate is made coarse so that the coarse 

so surface has a height h throughout the surface of the plate and the plate has a length d along the fluid flow 
direction, it is known in the fluid dynamics that a laminar boundary layer changes into~a turbulant boundary 
layer when the ratio h/d exceeds a certain value. The thickness of the turbulant boundary layer sharply 
increases in an area in which the flow velocity exceeds a certain value. It is considered, under the 
conditions of the experiments of the table 1, that the fluid flowing along the surface of the flow generating 

55 plate satisfied the above conditions because of the formation of the wave shape, a turbulant boundary layer 
having a certain degree of adhesion to the flow generating plate and being effectively subjected to 
centrifugal force was produced, and the thickness of the thus caused turbulant boundary layer exceeded the 
thickness of the laminar boundary layer generated in a case where a flat flow generating plate is utilized. 
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At any rate, it is recognized that the flow rate of the fluid flowing through the clearance between the flow 
generating plates was increased by the formation of the wave shape on the surface of the flow generating 
plate. Furthermore, it is also recognized that the increase of the flow rate is remarkable in case of the 
formation of medium waves in comparison with small waves and that the flow rate and the static pressure 

5 are also increased in case of the formation of medium waves each having a triangular apex in comparison 
with the case of formation of small waves each having a round and irregular apex. The condition of the 
increase of the flow rate is shown in Fig. 11. As mentioned above, since the formation of the wave shape on 
the surface of the flow generating plate increases the total flow rate of the fluid and the optimum clearance 
between adjacent flow generating plates, the total number of the flow generating plates can be reduced, 

to whereby the assembling of them is made easy and the total weight of the flow generating apparatus is 
reduced. 

When waves are formed each in a direction having a radial component, as described above, on the flow 
generating plate Pi, as shown in Fig. 12, in which the wave shape 10 is completely directed in radial 
directions, the triangle at the inner peripheral edge portion of each of the wave shape 10 becomes smaller 
75 than that at the outer peripheral edge portion thereof. Accordingly, the clearance in the rotational axis 
direction between adjacent two flow generating plates Pi is made larger at the side of the inner peripheral 
edge portion than at the side of the outer peripheral edge portion, with the result of increase of the size of a 
fluid suction inlet. This means that possible amount of the fluid flow to be generated has reduced limitation 
accordingly. 

20 In the example of Fig. 8, the wave shape goes round in the direction reverse to the rotating direction of 
the flow generating plate. In the example of Fig. 12, the wave shape is directed to radial directions. The 
wave shape may be directed in the rotating direction of the flow generating plate. In any one of these cases, 
when the flow generating plates are rotated, all the fluid flowing from the inner peripheral edge towards the 
outer peripheral edge does not necessarily flow along grooves of the wave shapes, but partially flows over 

25 the wave shape. 

The generation of the flow of the fluid is most influenced by a region in the vicinity of the outer 
peripheral edge portion of the flow generating plate because the peripheral speed is greatest in the outer 
peripheral edge portion. Accordingly, it is desirable to arrange the flow generating plate assembly so as to 
form the most optimum effective clearance in the vicinity of the outer peripheral edge portion of the flow 
30 generating plate. 

As described above, the formation of the wave shape having radial components on the flow generating 
plate is significantly desirable for increasing the flow rate. Although, in the foregoing, the increasing of the 
flow rate has mainly been mentioned, this is because that the flow generating apparatus provided with these 
flow generating plates is conventionally a high-speed and large static-pressure type, and accordingly, it is 
35 more important to make an attempt for the increasing the flow rate. 

Meanwhile, considering the fact that flow generating apparatuses are often driven by an induction 
motor, it is highly desired for the flow generating apparatus of this type to generate a large flow at as low 
rotational speed as possible. 

The flow generating apparatuses of the present invention of the characters described above generate 
40 noise lower than that generated by the conventional apparatus. The flow generating apparatuses of the 
present invention, however, generate noise due to fluid cutting or beating operation of the wave shaped 
region in the outer peripheral edge portion of the flow generating plate. Flow generating apparatuses 
provided with a device for suppressing the generation of such fluid beating noise are shown in Figs. 13 
through 16. 

45 In the example of Figs. 13 and 14, each of flow generating plates P 1a is formed by integrally forming a 
flat annular plate-like flow rectifying member 13 to the flow generating plate Pi shown in Fig. 8 along the 
outer peripheral edge thereof. The flow rectifying plate member 13 extends radially outwardly, and turbulant 
flow of a fluid generated by the radially inward wave shaped portion 10 is rectified while flowing along the 
flat rectifying plate 13. The fluid flow thus rectified is delivered outwardly without largely disturbing static 

so fluid existing in the external portion of the flow generating plate. The width of the rectifying plate 13 may be 
determined so as to effectively attenuate changes of the pressure of the turbulant flow, for example, in 
accordance with the viscosity of the fluid, the shape condition of the waves of the flow generating plate, the 
clearance between adjacent flow generating plates and so on. 

It may be possible to form such annular plate-like flow rectifying member to the inner peripheral side of 

55 the flow generating plate Pi . 

In the example of FigT 15, a flow generating plate P 1b is provided with a further annular plate-like flow 
rectifying member 13a in a radially intermediate portion of the wave shaped portion 10 in addition to the 
flow rectifying plate 13 formed to the outer peripheral edge of the flow generating plate. In this example, the 

ft 
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fluid flow may be rectified on the way of the flow along the wave shape portion of the flow generating plate. 
It may be possible to further improve the flow rectifying effect by further providing an annular auxiliary flow 
rectifying plate 14 between the rectifying members 13a as shown in Fig. 15 and between the outer 
peripheral edge portions of adjacent two flow generating plates as shown in Fig. 16. 
5 Fig. 17 shows an example of a flow generating plate P 2 provided with cut and raised upright ribs 15. 

Each of these upright ribs 15 is formed by forming cut-in portions each having a radial component in the 
flow generating plate P 2 and raising upright the thus cut-in portions. The height of the upright rib 15 is 
determined so that the constant k of the equation Q (flow rate) = k*R*N becomes largest. A radially 
outward portion of the flow generating plate P 2 is formed as an annular flow rectifying portion 14a. The 
io raised upright ribs 15 may serve as spacers. 

The flow generating plates P of the flow generating apparatus may be arranged, as shown in Fig. 18, in 
slightly inclined manner with respect to the rotational axis O-O thereof. In this example of Fig. 18, the flow 
generating apparatus is provided with groups of the flow generating plates P x and P y including the plates P 
inclined in directions adapted for easy introduction of the intake fluid from the lateral sides into a clearance 
75 between adjacent flow generating plates. 

Curved flow generating plates P may be arranged as shown in Fig. 19 in an inclined manner, and as 
shown in Fig. 20, flow generating plates may be designed so as to have a plurality of surfaces curved in 
reverse directions, respectively. 

The flow generating apparatus of the type in which the flow generating plates are parallelly arranged 
20 and rotated has an advantage in a point of generating substantially no fluid cutting noise, which may be 
caused in a general air blower at a time when blades of the blower cross air flow. However, a fluid cutting 
noise is still produced by members such as rod members connecting the flow generating plates. The fluid 
cutting noise is especially produced in a case where, as shown in Fig. 21, a Karman's vortex street is 
caused behind an object S positioned in the flow of fluid such as air, or in a case where, as shown in Fig. 
25 22, an object S is moved across an air flow as shown by an arrow. In the case of Fig. 22, particularly large 
noise is generated. With respect to the Karman's vortex street, the generation of noise is easily prevented 
by designing an object T in the air flow so as to have a streamlined outer contour as shown in Fig. 23. 

In Fig. 24, in which the flow generating plates P are connected by connection rods 16, or other 
connection means, passing through the plates P, it may seem that such connection rods 16 act on the flow 
30 of the fluid passing between the flow generating plates P as shown in Fig. 22 to thereby generate noise. 
This may be correct with respect to the area B in Fig. 4, i.e. outside the boundary layer because the fluid 
outside the boundary layer has substantially no relation to the movement of the solid object. On the 
contrary, in the boundary layer in the area A, the above fact will not apply because the area A is influenced 
by the movement of the solid object. That is to say, the connection means disposed between the flow 
35 generating plates utilizing the boundary layers is one integrated with the solid object and the fluid in the 
Boundary layer movable together with the surface of the solid object, the flow generating plate, (though 
there exists displacement in the relative motion) and has no relation with the phenomenon shown in Fig. 22. 
Such connection means, in fact, has the relation shown in Fig. 21. This can be easily prevented. That is, as 
shown in Fig. 25, this can be prevented by designing the connection rods 16 so as to have a streamlined 
40 sectional shape with respect to the locus in design of the fluid flowing along the surface of the flow 
generating plate P. According to such design, no Karman f s vortex street is generated and the connection 
rods 16 do not obstruct the flow of the fluid, thus suppressing the generation of noise. 

As described above, the utilization of the boundary layer can attain effects in that such a phenomenon 
as shown in Fig. 22, which is the most remarkable defect in conventional flow generating apparatus such as 
45 an air blower and which has no effective countermeasure, can be significantly minimized and, in addition, is 
replaced by a phenomenon shown in Fig. 21 which can be easily coped with. It is preferred to design the 
connection rods 16 to be rotatable about pins 18. As mentioned above, since the connection means does 
not give an adverse influence on the fluid flowing across the connection means, substantially no portion of 
lowered pressure is produced in the fluid. Such lowered pressure is produced as a result of high pressure 
so generated due to the beating of the fluid. Accordingly, the generation of cavitation as a boiling phenomenon 
in the low pressure portion can be effectively prevented. 

In the foregoing embodiments, the flow generating apparatus are of usual centrifugal type. However, the 
principle of the flow generating apparatus of the present invention may be applied to a cross-flow fan such 
as shown in Fig. 26. In Fig. 26, reference numeral 19 denotes a casing, 19a a protruding strip, 19b a 
55 projecting bar which may be formed as occasion demands, and 20 a delivery outlet of the fan. 

In the case of a cross-flow fan, as well known, fluid is sucked from one lateral side of a columnar type 
impeller and delivered from an opposite lateral side thereof. For this reason, both the ends of the column 
are closed. In the conventional cross-flow fan, the impellers cross and beat the flowing fluid at the sucking 
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and delivering openings, thus generating the fluid cutting noise twice. 

In accordance with the principle of the present invention, such fluid cutting noise may be suppressed by 
utilizing flat plate-like flow generating plates. 

In the case of the cross-flow fan, it is also possible to provide waves such as shown in Fig. 8 and cut- 
5 raised ribs such as shown in Fig. 17 to the flow generating plates. In such cases, it is desirable from the 
view point of the flow rate to form the wave shape so as to be directed reversely to that shown in Fig. 8 
(representing a centrifugal flow generating apparatus) with respect to the rotational direction. 

In the case of a centrifugal flow generating apparatus, the optimum value of the clearance between the 
flow generating plates can be considered only in consideration of the discharge of the fluid in the radially 
10 outward direction, whereas, in the case of a cross-flow fan, it is necessary to consider the fluid intake 
condition, and hence, it is necessary to consider the optimum value in view of a balance between the intake 
and the discharge of the fluid. 

In the case of the flow generating plates formed with waves, effective clearances vary depending upon 
the shape or pitch of the waves. However, it can be said that in the case of flat flow generating plates 
75 without recesses and protrusions on the surface, the optimum clearance is about 0.5 mm in the centrifugal 
type flow generating apparatus, while the optimum clearance is about 1 mm in the cross-flow fan. For 
example, in a case of a cross-flow fan provided with annular flow generating plates having an outer diameter 
of 74 mm and an inner diameter of 50 mm, the optimum clearance is 1 mm irrespective of the rotational 
speed of the flow generating plates. The structures of the flow generating plates shown in Figs. 14 through 
20 17 may be used also in cross-flow fans. 

It was found that the air flow rate is proportional to the peripheral speed of the outer peripheral edge 
portion of the flow generating plate, that is, the rotational speed. 

Figs. 27 through 29 show another example of a flow generating plate P3 that can be used in a cross- 
flow fan. The flow generating plate P3 has waves 10a similar to those of the embodiment shown in Fig. 8 
25 and is integrally provided with protrusions R which serve to connect together adjacent flow generating 
plates P3 with a constant clearance in the axial direction thereof. In this example, the protrusions R are 
positioned at equal circumferential distances, and each protrusions R has a cylindrical shape as shown in 
Fig. 29. In the actual arrangement, these protrusions R are butt-welded as shown in Fig. 29 or connected by 
means of rods passing through the hollow interiors thereof, both screwed ends of the rods being fastened 
30 by nuts, for example, thus enabling easy assembly of the flow generating plates. The flow generating plates 
P3 of this type are usable for the usual centrifugal type flow generating apparatus. It is of course preferable 
to form each of the protrusions R so as to have a streamlined shape as described hereinbefore. 

In the aforementioned embodiment, the top of the wave shape of the flow generating plate is formed so 
as to have a triangular cross section, but the top may be formed so as to assume a shape corresponding to 
35 a half of a hexagonal shape such as shown in Figs. 31 and 32, or to have a semi-circular shape, sine-curve 
shape or other polygonal shape. *"~ 

Furthermore, as shown in Fig. 32, the wave shape may be formed such that a portion near the outer 
periphery is curved as shown in the aforementioned embodiment and a portion near the inner periphery is 
of a zigzag shape. 

40 The embodiments described hereinbefore are all related to an air blower, a pump or the like. However, 
the flow generating apparatus may be utilized as a light shielding mechanism such as shown in Figs. 33 
through 36. In the example of Fig. 33, flow generating plates P are attached to a light shielding wall 21, and 
this mechanism is rotated about a rotational axis O-O. In this mechanism, air can pass therethrough but light 
is shielded by the shielding wall 21. In the example of Fig. 34, flow generating plates P are attached to both 

45 sides of a light shielding wall 22, and air flow is produced in arrowed directions. In the~example of Fig. 35, a 
flow generating apparatus is utilized for shutting light and noise inside and outside a box 23, reference 
symbol M1 denoting a driving source. In the example of Fig. 36, a flow generating apparatus is utilized for 
shutting noise from a driving source M2 such as an engine unit in a box 24. 

As described hereinbefore, according to the flow generating apparatus of the present invention, noise 

50 and cavitation are substantially not generated, and in addition, even if a conventional driving source such as 
a motor is used, substantially the same flow rate can be obtained within a volume of a conventional 
apparatus by utilizing the flow generating plates with the optimum clearances therebetween. Furthermore, 
more improved performance can be achieved by forming flow promoting means such as waves on the 
surface of the flow generating plate. The use of connection means of specific design can reduce the 

55 generation of noise and cavitation to a minimum. 

INDUSTRIAL APPLICABILITY 
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The present invention can be utilized for an air blower, a pump, an air-flow shutting device and others. 
Claims 

5 1. A flow generating apparatus comprising a plurality of flow generating plates arranged with clearances 
therebetween perpendicularly to a rotational axis thereof, and means for rotating the flow generating 
plates about the rotational axis, wherein each of the flow generating plates is provided with a surface for 
moving a fluid only by an adhesion phenomenon between the surface and the fluid in contact with the 
surface, and the surface is formed radially of the flow generating plate to an outer peripheral hedge 

io thereof from which the fluid moved by the adhesion phenomenon along the surface is finally separated, 
and the clearances between adjacent two flow generating plates are set to be twice an intermediate 
value of a distance between a surface of the flow generating plate contacting a close fluid boundary 
layer which has a strong adhesion to said surface and hence is moved substantially together with the 
flow generating plate and a remote fluid boundary layer which has a weak adhesion to said surface so 

15 as not to be subjected to an effect of centrifugal force due to the rotation of the flow generating plate, 
whereby the centrifugal force is most effectively exerted to the fluid. 

2. A flow generating apparatus according to claim 1, wherein the surface of the flow generating plate is 
made planar, the fluid is air and the clearance is about 0.5 mm. 

20 

3. A flow generating apparatus according to claim 1, further comprising projections for promoting flow of 
fluid, arranged on the surface of the flow generating plate. 

4. A flow generating apparatus according to claim 3, wherein the projections have a wave shape as 
25 viewed in a rotational direction of the flow generating plate, a ridge of the wave shape extends in a 

direction having a radial component, the fluid is air and the clearance is from about 1 to 2 mm. 

5. A flow generating apparatus according to claim 4, wherein the flow generating plate is formed of a thin 
plate and wave shapes are formed on two surface thereof. 

30 

6. A flow generating apparatus according to claim 1, further comprising protrusions for maintaining a 
clearance between adjacent two flow generating plates, said protrusions being integrally formed with 
the plate. 

35 7. A^flow generating apparatus according to claim 1, further comprising a member connecting adjacent 
two flow generating plates, said member having a section of streamline shape directed to a main flow 
direction of the fluid flowing radially along the flow generating plate. 

8. A flow generating apparatus according to claim 3, further comprising a flat flow rectifying portion 
40 provided in a portion of the flow generating plate with respect to radial directions thereof. 

9. A flow generating apparatus according to claim 8, further comprising an auxiliary flow rectifying plate 
provided between adjacent two flow generating plates in parallel to the flat flow rectifying portion. 

45 10. A cross-flow type flow generating apparatus comprising a plurality of flow generating plates arranged 
with clearances therebetween perpendicularly to a rotational axis thereof, and means for rotating the 
flow generating plates about the rotational axis, wherein each of the flow generating plates is provided 
with a surface for moving a fluid only by an adhesion phenomenon between the surface and the fluid in 
contact with the surface, and the clearances between adjacent two flow generating plates are set to be 

50 twice an intermediate value of a distance between a surface of the flow generating plate contacting a 
close fluid boundary layer which has a strong adhesion to said surface and hence is moved 
substantially together with the flow generating plate and a remote fluid boundary layer which has a 
weak adhesion to said surface so as not to be subjected to an effect of centrifugal force due to the 
rotation of the flow generating plate, whereby the centrifugal force is most effectively exerted to the 

55 fluid, the flow generating plates having a columnar shape as a whole having both ends closed so as to 
pass the fluid from a lateral side of a peripheral surface of the columnar flow generating plates to 
another lateral side thereof. 
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11. A cross-flow type flow generating apparatus according to claim 10, wherein projections for promoting 
flow of fluid are arranged on the surface of the flow generating plate. 

12. A cross-flow type flow generating apparatus according to claim 11, wherein the projections have a wave 
shape as viewed in a rotational direction of the flow generating plate, and a ridge of the wave shape 
extends in a direction having a radial component, and wherein the fluid is air and the clearance is from 
about 1 to 2 mm. 

13. A cross-flow type flow generating apparatus according to claim 10, wherein the flow generating plate is 
formed of a thin plate and wave shapes are formed on both surfaces thereof. 

14. A cross-flow type flow generating apparatus according to claim 10, further comprising protrusions for 
maintaining the clearance between adjacent two flow generating plates, said protrusions being integrally 
formed with said plate. 

15. A cross-flow type flow generating apparatus according to claim 11, further comprising a flat flow 
rectifying portion provided in a region of the flow generating plate with respect to radial directions 
thereof. 

16. A cross-flow type flow generating apparatus according to claim 15, further comprising an auxiliary flow 
rectifying plate provided between adjacent two flow generating plates in parallel to the flat flow 
rectifying portion. 

17. A method of manufacturing a flow generating apparatus provided with a plurality of flow generating 
plates arranged with clearances therebetween perpendicularly to a rotational axis thereof, and means 
for rotating the flow generating plates about the rotational axis, wherein the flow generating plates are 
assembled such that a distance is determined from a surface of the flow generating plate to a boundary 
layer of a fluid which has a weak adhesion to said plates and is substantially not influenced by 
centrifugal force caused by the rotation of the flow generating plate, and each of said clearances 
between adjacent two flow generating plates is set to be twice an intermediate value of said distance 
from the surface of the flow generating plate to said fluid boundary layer. 
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